Purpose: Use of alternative footwear options such as flip-flop style sandals and minimalist athletic shoes are becoming increasingly popular footwear choices. The purpose of the investigation was to analyze the energy expenditure and oxygen consumption requirements of walking at preferred pace while wearing flip-flops, slipon style shoes, and minimalist athletic shoes. Methods: Eighteen healthy male adults participated in this study. In addition to an initial familiarization session, participants were tested in three different footwear conditions [thong-style flip-flops (FF), Croc® slip on shoes (CROC), and Vibram Fivefingers® minimalist shoes (MIN)]. Then after a brief warm-up, participants walked a one-mile distance at their preferred pace. Immediately following completion of the one-mile walk, participants stood quietly on the treadmill for an additional period to assess excess post-exercise oxygen consumption (EPOC). Results: A repeatedmeasures ANOVA that the following variables did not show evidence of a significant differently value between conditions: preferred pace (p = 0.392), average oxygen consumption (p = 0.804), energy expenditure per mile (p = 0.306), or EPOC (p = 0.088). There was shown to be a significantly higher RER during exercise in CROC compared to MIN (p = 0.031) with no significant differences observed when comparing CROC to FF (p = 0.106) or FF to MIN (p = 0.827). Conclusion: Based on the results of the current study, it appears that the alternative footwear selected for evaluation do not lead to a substantial alteration of walking pace or overall EE. However, the significant difference in RER suggesting a slightly elevated exercise intensity while wearing the CROC could perhaps be related to the softer sole, influencing overall mechanical efficiency.
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INTRODUCTION
Footwear is the interface between the human body and the terrain traversed. This interface plays an important role in influencing energy expenditure (EE) necessary for locomotion. As the popularity of running and walking for exercise has increased, greater focus has been placed on the important role that footwear plays in biomechanical and physiological aspects. Barefoot running has emerged as a popular strategy to improve overall performance ability (Robbins & Hanna, 1987; Squadrone & Gallozzi, 2009 ). There are a number of factors that play into this decision to try barefoot running, but research has displayed that barefoot runners often employ more of a mid-foot strike pattern over a heel strike strategy (Stacoff, The plantar fascia act as a shock absorber for the foot and also supply a significant amount of elastic energy during walking or running to contribute to overall locomotion (Bramble & Lieberman, 2004) . It has been suggested that the longer a person spends barefoot, the stronger the arch becomes and the potentially more efficient their movement becomes (Hanson et al., 2011) .
People who are able to apply more metabolically efficient running or walking strategies should necessitate less oxygen utilization (Hanson et al., 2011 Greater running economy should potentially lead to a decrease in overall EE at a more efficient self-selected pace. This principle can be applied to walking as well. More efficient walking patterns could also potentially delay the onset of fatigue as physical activity time progresses. Hanson et al. (2011) suggested that through their assessment of barefoot runners and shod runners, barefoot running was more metabolically efficient in that at the same relative workload, the runners exhibited higher oxygen consumption and perceived exertion when wearing shoes than when barefoot. It has also been suggested that wearing flip-flop style sandals instead of athletic shoes decreases a person's movement ability (Robinson, Rudisill, Weimar, Breslin, Shroyer, & Morera, 2011). This could lead to a greater amount of energy expended by a person wearing flipflops to perform the same relative workload as when they are in athletic shoes or possibly barefoot.
It has previously been shown that barefoot running decreases the metabolic cost through oxygen consumption compared to running shod (Burkett, Kohrt, & Buchbinder, 1985 ; Divert, Mornieux, Baur, Mayer, & Belli, 2005). However, it wasn't clear whether this was related purely to biomechanical factors or whether the mass of the shoe played a significant role (Burkett et al., 1985) . By design, minimalist shoes are supposed to provide the same benefits as barefoot running while also providing a small amount of protection to the foot. Squadrone and Gallozzi (2009) reported that when participants ran while wearing a minimalist shoe (Vibram Fivefingers ® ), oxygen consumption and peak impact forces significantly declined compared to a shod condition and that the values reported were similar to those seen with barefoot running. Shoe softness (or hardness) could also be a potential factor as it relates to mechanical efficiency. Kurz and Stergiou (2004) suggested that shoe hardness may lead to an alteration in ankle coordination strategy during locomotion. Divert, Mornieux, Freychat, Baly, Mayer, and Belli (2008) reported that stride frequency was significantly greater when barefoot compared to when in a shod condition. In addition, it was also reported that mechanical efficiency declined when in a shod condition and was explained to occur as a result of the decrease in storage and restitution of elastic energy (Divert et al., 2008) . Although there is an increasing amount of literature assessing the differences in barefoot and shod walking/running, there appears to currently be a lack of research as it pertains to metabolic efficiency and fatigue when walking barefoot, in flip-flops, or in minimalist shoes for an extended period of time. The aim of the present study was to measure and assess EE when walking for an extended period of time in different footwear and the potential differences that may be seen in fatigue and preferred pace. This study also included an assessment of metabolic effects of fatigue following walking through measurement of excess post-exercise oxygen consumption.
MATERIALS AND METHODOLOGY

Participants
The study was approved by the University's Institutional Review Board and informed consent was obtained from the participants prior to participation in the protocol. The study was able to recruit 18 healthy, recreationally trained males aged 18 -44. Males were chosen in order to limit hormonal influences on EE. Sample size estimation was conducted a priori and when conducting an a priori analysis using G*Power 3.1.7 (Dusseldorf, Germany) using RM-ANOVA within-between interaction, with a desired power of 0.8, using an alpha level of 0.05.
The Physical Activity Readiness Questionnaire (PAR-Q) (Thomas, Reading, & Shephard, 1992 ) was used to screen for any potential contraindications to exercise. Participants completed a 7-day physical activity questionnaire to determine physical activity status (Sallis, Haskell, & Wood, 1985) . Height and weight were measured by standard scales.
Procedures
The testing procedure was conducted on the premises of The Applied Biomechanics Laboratory (ABL) and Kevser Ermin Applied Physiology Laboratory. In addition to an initial familiarization session, participants were tested in three different footwear conditions [Croc ® slip on shoes (CROC), thong-style flip-flops (FF), and Vibram Fivefingers ® minimalist shoes (MIN)] that were counter balanced, on three separate days separated by a minimum of 48 hours. Each of the testing days began with a brief 10-minute warm-up protocol (consisting of jogs, high knees, lunge walking, and jumping) while wearing the assigned footwear. Figures 1 -4 provide visual images and information pertaining to the selected footwear.
The participants were evaluated by walking on a treadmill at their preferred pace while wearing the selected footwear on each visit. This speed was determined by evaluating their pace from 6 timed 70 feet trials on an indoor track. Participants were timed over the middle 50 feet during each trial and preferred pace was determined as the mean pace traveled over those 6 trials in a manner previously described ( . Indirect calorimetry was employed to measure oxygen consumption and related variables during treadmill walking or running using the ParvoMedics TrueOne 2400 (Sandy, Utah) measurement system. Once on the treadmill, participants stood for 5 minutes to assess standing ambulatory rest. Then after a brief warm-up, participants walked a one-mile distance at their preferred pace. Immediately following completion of the one-mile walk, participants stood quietly on the treadmill for an additional period to assess excess post-exercise oxygen consumption (EPOC). This EPOC period lasted for five minutes which for every participant was long enough for the participant to return to resting VO2 as measured during standing ambulatory rest. The entire procedure was repeated for the three footwear conditions presented in a randomized order. The participants were given at least 48 hours of rest in between their testing sessions. 
Statistical Analyses
A one-way ANOVA was used to compare body mass values across test days. A mixed-factor repeatedmeasures ANOVA (RM-ANOVA) was used to compare all other dependent variables for each test day (preferred pace, oxygen consumption, EE) for within-subjects and between-subjects. If interactions occurred, they were followed up with a Sidak adjustment for multiple pairwise comparisons. All analyses were conducted using SPSS software (Version 20, SPSS, Inc., Chicago, IL). Statistical significance was defined as a p-level less than 0.05 and partial eta squared was calculated to determine effect size.
RESULTS
Participant Characteristics
The mean age of the participants (in years) was 22. Table 1 displays descriptives for preferred walk pace, average VO2 across completion of condition, average respiratory exchange ratio (RER) across completion of condition, EE (kcal/mile), average excess postexercise oxygen consumption (EPOC) across completion of condition. RM-ANOVA showed that the following dependent variables did not show evidence of a significant differently value between conditions: preferred pace (p = 0.392), average VO2 (p = 0.804), EE/mile (p = 0.306), or EPOC (p = 0.088). RM-ANOVA showed that there was a significant difference in average RER (p = 0.016). Post hoc pairwise comparisons revealed a significantly higher average RER in CROC compared to MIN (p = 0.031) with no significant differences observed when comparing CROC to FF (p = 0.106) or FF to MIN (p = 0.827). 
Walking Pace and Metabolic Data
DISCUSSION
The results of the current study aimed to address the potential differences in diverse footwear conditions to a specific anthropometric blocked population. Hence, this study attempted to analyze metabolic measures of gait and provide a comprehensive summary of potential differences with respect to different footwear and the fatigue they elicit. In regards to the lack of significant difference in pace between the three footwear conditions, this takes the data that has been reported previously by Shroyer . EPOC is a measure of recovery and can be used as a measure of the amount of fatigue that a particular activity caused. The measurement of EPOC can help to show the potential increased metabolic recovery that is ongoing following a bout of walking for different shod conditions. While not a significant difference, the slight increase in EPOC when wearing flip-flops could suggest that if the walk were conducted for a longer period of time or at a higher than preferred pace (such as would be required if a person were in a hurry) could be a potential sign of earlier onset of physiological fatigue. While merely a speculation based on the available VOLUME 12 | ISSUE 4 | 2017 | 1227 data, it is possible that the length of time required of the walk was not substantial enough to elicit observable fatiguing effects.
The difference exhibited in RER could perhaps be related to shoe hardness. RER can be used as a measure of exercise intensity, and despite the lack of a difference in overall EE, pace, or oxygen consumption, a significant difference appears to be present between the footwear conditions. Based on this data, the CROC elicited a slightly higher, but significant, difference in RER, suggesting that the participants could be operating at a slightly higher exercise intensity when wearing these shoes over the same absolute workload as the other conditions. There are two potential explanations for this difference. It could be related to the weight of the shoe, though the very slight differences in weight (approximately 3 oz. for FF, 7 oz. for CROC, and 6 oz. for MIN) are not likely enough to elicit that observed difference. The other explanation could be related to the reporting of both Divert et al. (2008) and Kurz and Stergiou (2008) that shoe hardness could influence overall mechanical efficiency. It's possible that the much softer sole of the CROC could result in the decrease in storage and restitution of elastic energy, leading to the expenditure of extra force during the push-off phase of each step. This would be in line with the previous findings of Divert et al. (2008) . While these values were not measured in the present study, it is a plausible explanation that requires further study to confirm.
CONCLUSION
Based on the results of the current study, it appears that the alternative footwear selected for evaluation do not lead to a substantial alteration of walking pace or overall EE. It is possible that the level of exercise performed was not enough to elicit a sizeable modification in pacing strategy by the participants. However, the significant difference in RER suggesting a slightly elevated exercise intensity while wearing the CROC could perhaps be related to the softer sole, influencing overall mechanical efficiency. This assertion requires further study to confirm.
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